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Abstract 
For stability of nanofluid need to study, before going to passed it through the electronic device. Because need to more stability of 
nanofluid and avoid the sedimentation and clogging substance of nanofluid. Stability effect on rectangular shape minichannel 
heat sink is experimentally investigated for electronics cooling using nanofluids as coolants instead of water. Al2O3-water 
nanofluids with 0.10 to 0.25 vol. % of nanoparticle was used as coolants. From experiment result, final particle cluster size, 
microstructure, zeta potential, sedimentation, Transmission Electron microscope and photo capture method analyze for stability 
purpose. Shown the 0.10 vol. % was better performance on electronic cooling system respect of stability. 
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1. Introduction 
The stability of nanofluids is a critical factor in the evaluation of nanofluids. Stability of nanofluids must be 
taken into account in the investigation as this will affect the performance of any systems. Nanoparticles are able to 
coagulate easily with the period elapsed for its high surface energy. The aggregation of nanoparticles is a reason for 
sedimentation and decreases the thermal conductivity of nanofluids [1]. There are several ways which includes 
addition of surfactant, pH control and increase of ultrasonic time and vibration means to elevate the stability of 
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nanofluids [2]. Ruan and M. Jacobi [3] reported that, ultrasonication is a common way to break up agglomerates and 
promote dispersion of nanoparticles into base fluids to get more stable nanofluid. Wen and Ding [4] studied on the 
stability of Al2O3-water nanofluid by using SDBS as dispersant followed by ultrasonication for 16-20 hours. 
Nanofluids only remained stable for a week. Ding, Alias [5] applied GA as dispersant, together with ultra-
sonication, and high-shear mixing on CNT-water nanofluid and the stability was observed until two months. 
After preparation, the sedimentation photograph of nanofluids can be captured by a camera after certain period of 
time.  These photos can be observed and compared to evaluate the stability of nanofluids.  Compared to other 
techniques, the drawback of this method is observation for long period of time is required [1].  On the other hand, 
sedimentation balance method can be used to measure the stability as well.  The plate of sedimentation balance is 
immersed in the newly produced nanofluids.  The weight of sediment nanoparticles during a particular time can be 
measured [2]. According to Stokes' law the sedimentation velocity (V) in a colloid can be expressed as follows Eq. 
(1). 
gRV lp )(9
2 2 UUP    (1) 
The rate of sedimentation decreases with decreasing particle radius (R), density difference between the particle and 
the liquid (Pρ−Pl), and increasing base liquid viscosity (μ). These are all important parameters for a kinetically stable 
nanofluid [6]. Each nanofluid was left to stand and the absorbency was measured by ultra violet visible 
spectrophotometer at regular intervals. The absorbency of the suspension is defined by Eq. (2). 
bcIIA i H  )/lg(  (2) 
Eq. (2) indicates that the absorbency is proportional to the mass fraction of the particles in suspension. Higher 
absorbency means higher mass fraction of nanoparticles in the solution, namely, the better dispersion of nanofluid 
[7]. 
It is observed that, stability of the nanofluids is still a big challenge before it can be successfully implemented in 
large scale applications. More research is required in terms of stability and simple and cost effective techniques in 
near future. For this circumstance, analyse the stability effect on minichannel heat sink using Al2O3-water nanofluid.   
 
2. Methodology 
For the examine purpose, prepare the Al2O3-water nanofluid where Al2O3 nanoparticle size was 13 nm received from 
manufactured by Sigma Aldrich, USA and waster as a base fluid. Follow the two steps method for prepare without 
add any surfactants by ultrasonic homogenizer machine. 
From the literature have some instruments and methods that can rank the relative stability of nano suspension. 
The list includes UV–Vis spectrophotometer, zeta potential, sediment photograph capturing, TEM (Transmission 
Electron Microscopy) and SEM (Scanning Electron Microscopy), light scattering, three omega and sedimentation 
balance method. Therefore, the rate or percentage of sedimentation will be identified by analyzing gathered data [2]. 
In this research work used final particle cluster size, microstructure, zeta potential and sedimentation method for 
characterized nanofluid after preparation. The Zetasizer (Model 3000HS, Malvern, UK) was used to check the 
average particle cluster size and zeta potential after preparation of nanofluid. Transmission Electron microscope 
(TEM) (Model LIBRA 120, Zeiss, Germany) was used to capture the microstructures of nanofluid to analyze the 
nanoparticle distribution. After preparation, 10 ml of nanofluid was poured into small measuring cylinder. The 
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photos of the cylinders with nanofluids were captured after 30 days of preparation for stability inspection. 
Sedimentation of the nanofluids was observed referring to the photograph to examine the stability of the nanofluids. 
3. Result & Discussion 
Ultrasonication processes reduce the colloid size of particles and homogenize particles with fluid. The mean 
particle cluster size of nanoparticles using dynamic light scattering has shown in Fig. 1. Average cluster size was 
found to be 131.0 nm, It is proved that, the nanofluid passed through the minichannel without blocking the passages. 
Because, the width of the minichannel was 0.5 mm [8] that is enough larger compare to maximum cluster size that 
was approximated to be 220 nm from Fig. 1. Zeta potential analysis to quantify the stability of 0.10 vol. % of Al2O3-
water nanofluid has been reported in Fig. 2. For this suspension the absolute Zeta potential value was found to be 
53.6 mV as shown in Fig. 2. It is pronounced that the absolute Zeta potential value over 60 mV show excellent 
stability, above 30 mV are physically stable, below 20 mV has limited stability and lower than 5 mV are evident to 
agglomeration [9]. Therefore, the zeta potential value of this experiment is very near to excellent stability. 
 
 
Fig. 1. Particle cluster size of 0.10 vol. % of Al2O3-water nanofluid. 
 
Fig. 2. Absolute Zeta potential of 0.10 vol. % of Al2O3-water nanofluid.   
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The microstructure and particle distribution have been captured using TEM. Fig. 3 shows the TEM image of 0.10 
vol. % of Al2O3-water nanofluid after preparation. Good dispersion of particles has been observed in Fig. 3 within 
the range of 100 nm scales. Nevertheless, few overlapping of nanoparticles have also been observed. 
 
 
Fig. 3. The TEM microstructure of 0.10 vol. % Al2O3-water nanofluid. 
The stability of the Al2O3-water nanofluid was examined by observing the photograph capturing method. The 
photos have been captured after 30 days of the nanofluids preparation and presented in Fig. 4.  
 
It is clear from Fig. 4 that no sedimentation is formed at the bottom of the nanofluids. The supernatant levels are 
marked and found to be higher for lower concentration of nanofluid. At 0.10 vol. % there is no sedimentation and 
higher level of supernatant level have been observed. For 0.15 vol. % there is no sedimentation is obvious, but there 
have little amount of supernatant level. The supernatant level slowly decreases with the rise of nanoparticle volume 
fraction as they are observed in 0.20 vol. % to 0.25 vol. %. So it is conclude that, stability of nanofluid is good and it 





















410   S.S. Khaleduzzama et al. /  Procedia Engineering  105 ( 2015 )  406 – 411 
 
No Sedimentation No Sedimentation No Sedimentation No Sedimentation 
 
    0.10 vol. %          0.15 vol. %  0.20 vol. % 0.25 vol. % 
Fig. 4. The Al2O3-water nanofluids with various volume fractions after 30 days of preparation. 
4. Conclusion 
For characterization Zetasizer analyzer and TEM indicate that nanofluids are physically stable. The photo capture 
method refers to low rate of sedimentation at high volume fraction of nanofluids. The stability of nanofluid was 
excellent even at high volume fraction. Also nanoparticle size no matter for passed through the minichannel. 
Without sedimentation and clogging nanofluid passed in minichannel. 
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